/hl‘""" ¥ e

*Approved For Release2000/04/12 : CIA-RDP67B0065%®%00010p24,0001483 7
| COPY / OF 2—

%cuea/ u&ﬂﬂd;{t oWralion

ADVANCED DEVELOPMENT PROJECTS

BURBANK, CALIFORNIA
REPORT NO. &  SP-665
DATE X 5-luh-6k
COPY NO., 235 # 6

MODEL A-12

TITLE LIGHTNING TESTS - MODEL A-12 PLASTIC RUDDER

OHOOOOOTTOOKFOOOONO

STATINTL

PREPARED B

REVIEWED 8

APPROVED

Advanced Developmenl Projects
REVISIONS
DATE PAGES AFFECTED

OFOOOPTOPO

Approved For Release 2000/04/12 : CIA-RDP67B00657R000100010001-8



Approved For Releasd))00/04/12 : CIA-RDP67B00657 {00100010001.8 "~ 665

' Page 1
%CM CALIFORNIA COMPANY
‘l' A DIVISION F LOCKHEED AITRCRAFT CORPORATION
ABSTRACT

This report presents the results of lightning tests
conducted on a Model A-12 airplane plastic rudder. The
tests demonstrate that a simple segmented foill outside
of the dielectric materisal provided adequate protection
for almost any stroke energy level which might be

encountered.

ACKNOWLEDGEMENT

The authors wish to acknowledge with appreciation the

extra effort and spirit of cooperation of Messers.

STATINTL

STATINTL -in the performance of these lightning tests.

rom s760a.2  APProved For Release 2000/04/12 : CIA-RDP67B00657R000100010001-8




FORM 5767A.2

Approved For Releas.)00104l12 CIA- RDP67800657.)0100010001s§'665

Page 2
%M CALIFORNIA OOMPANY
DIVISION F LOCKHEED AIRCRAFT ORPORATION

OBJECT
To observe the effects of lightning strikes on the plastic rudder of a
Model A-12 airplane. In addition, propose a practical means of enabling

the rudder to sustain these lightning strikes with no/minimnm damage.

CONCLUSIONS

It appears that the use of segmented foil mounted on the outside
surface of the dielectric materials provides adequate protection for any
stroke energy level that may be encountered. This was demonstrated in the
second series of tests. The segmented foll type of arc shunt should be
relatively easy to install and maintain. It should not compromise aircraft
performence and need not appreciably degrade the performance of electronic

equipment.

RECOMMENDATIONS

Al) exposed dielectric parts of the airplane should be considered as
candidates for severe damage from lightning strikes. An estimate of their
stroke termination probability should be gttempted. Parts of the airplane
that should be considered for protection are: Isolated nose sectionsT(H.F.
antenna exciter), nose radomes, plastic engine spikes, plastic fins, and

possibly, plastic wing tip parts.
The arc shunts in each case should be approximately like those which

were evaluated in the second series of tests. Detailed dimensions sre not
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RECOMMENDATIONS (Continued)

critical; however, radical changes in size and/or spacing msy need to be
tested.,

The arc shunt material must be as exposed to ambient air as is
possible. A light coat (.001 inch) over the foil is permissible, but
in no case can s thick coating of any dielectric material be used. The
foil segments must be cemented to the outer surface; metallic fasteners

of any sort must be avoided.

TEST SPECIMEN

The test article consisted of a complete rudder assembly (Serial No. 6)
. which had been subjected to structural tests at room and elevated tempera-
tures, as well as room temperature internal pressure tests (see ADP Report
SP-398). After the foregoing tests, the rudder was returned to the con-
tractor for clean-up and retreatment of the surfaces to duplicate flight
article requirements. STATINTL

Prior to shipment to the test activity,_

an inspection was made to locate

STATINTL

areas of existing damage. Inspection‘ of the left hand side
(ref. Photo 1) revealed the following:
1. Areas 1, 2, 10, 11 and 12: Unbonded from core and substructure.
The exact condition was not discernable.

2. Area 3: Delamination of skin,

3. Area 4: Scab on doubler apparently unbonded.
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TEST SPECIMEN (Continued)

4. Area 5: Unbonded.

5. Areas 6, T, 8 andv9: Heads of jo-bolts pulled out of substructure.

Inspection of the right hand side (ref. Photo 2) revealed the following:

l. Areas 1, 2 and 3: Unbonded from core and substructure. The exact
condition was not discernable.

2. Area 4; Delamination of skin.

3. Areas 5 and 6: Scab on doubler apparently unbonded.

TEST SET-UP AND PROCEDURE

The test article was mounted on a rudder post supported on a stub fin
‘ removed from the static test article. The gudgeon arm and actuator link
were connected to the rudder. Except for the stand to support the stub fin,
the rudder duplicated installation on a flight article.

Two series of tests were made, the first on 11 April 1964 and the
second on the.25th of April 1964. The first series of lightning tests ran
to a maximum intensity of approximately five million volts at thirty thousand
eight hundred amperes. The second series of tests utilized higher currents‘
(maximum of about 200,00C amperes) at lower voltages (approximately 150,000
volts).

In the first series of tests the discharge electrode was approximately
twelve feet above the ruddef. Three basic chordwise locations were used;
aft, center, and foerward. In the aft position the electrode was above the
tip trailing edge portion of the rudder. The center position had the elec-

‘. trode approximately midway between the tip leading and trailing edges. The

rorm s767a.2  APproved For Release 2000/04/12 : CIA-RDP67B00657R000100010001-8
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TEST SET-UP AND PROCEDURE (Continued)
forward location had the elec£rode above the most forward edge of the stub
fin and still about twelve feet above the rudder tip.

Included in the first series of tests were some side shots. The
electrode about seven feet above the floor and approximately eight feet
from the rudder plane. Two chordwise positions were used. In the forward
position, the electrode was located midway between the post and leading
edge areas. In the aft position, the electrode was located midway between
the post and the trailing edge areas.

In the second series of tests two basic electrode positions, forward

and aft, were used. In each position the electrode was placed approximately

1/4 inch awsy from either the rudder tip leading or trailing edge.

For the high current tests, local portions of the leading edge were

used.
TEST RESULTS

Test results are summarized in Tables I and II end in photographs of the
various test runms. STATINTL

STATINTL Based on these results of the tests conducted at the_
I : :vcccc et Miertning damese to

vulnereble components may be prevented quite easily if proper protection i1s

provided.

.‘
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Photo A-1 Trial run with copper grounding
wire around periphery of rudder.

Photo I-1 R.H. side of rudder at second
trial run with copper grounding wire around
periphery of rudder.
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Photo IT-1 Run II Test or
e . .
sample run with Copper grounding
wire around beriphery of rudder.

{ Photo IT-2
-0 T

L.H. sige during
trial run.

Photo II-3 Trial run. Note
location of electrode.
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Photo III~1 Run III with copper grounding wire
removed. Note that arc has entered rudder
and followed an internal path to ground.

Photo III-2 Run IIT L.H. side.
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Photo IV-T Run IV with copper
grounding wire removed. R.IL.
view.

IPhoto IV-2  Same as above
except L.H. side.

Photo IV-3 Run IV is similar
to Run ITI. Again arc moves
along an internal path to
ground which could mean
potential damage.

00657R000100010001-8
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Photo V-1 Run V-Rudder
Deflected T.E, Leflt.

Photo V-2 Run V
Results are similar
to Runs ITII and IV,
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Photo VI-1. Run VI
Small Piece of Rescon
on T.E. cornes, Rudder
deflected.

Photo VI-2. Ilote small
glow down along T.E.

Arc seems to be entering
rudder along T.E.

Fhoto VI-3. Run VI.

Examination after run
revealed small puncture
through Rescon.
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Photo VII-1. Run VII. Electrode in Center
Pogition. Rescon on Rudder Tip Corners.

Photo VII-2. Run VII. L.H. Side
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Photo VITII-1. Run VIII.
Aluminum Foil Installed
L.E. and T.E. Elecltrode
in center position.

Photo VIII-2,

Photo VIII-3.
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L S

'

in Bum Moo Virr, o FO4L on L.E. Rudder Tip as Tiied

.

Photo VITI-5. Alum -
B TTTET Tt T gy 03t on T.E. Rudder Tip
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Photo IX-1. Run XX
Aluminum Foil plus Copper
Wire on Trip. Electrode
in Center Position.

Photo IX-2.

Photo IX~-3. Note
trace of streamers
at top of rudder.
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Photo ¥X-1. Run X.
Aluminum Foil Romoved.
Short copper lcad on
tip. Note streamers
along top of rudder.

Photo X-2.

Photo X-3.

0657R000100010001-8
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Photo XI-1. Run XI. Aluminum Caps on
and short copper lead from Run X retained,
Forward electrode location.
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Photo XII-1. Run XIT.
Torward side discharge.
Aluminum caps and copper
wire as in Run XI.

Photo XII-2.

Photo XII~-3. BRun XII.
Note streameyr from top
of rudder and electrode.
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Photo XTITI-1. Run XIIT.
ALt side discharge,
A%mninwn caps and copper
wire as in Run XIT.

Photo XIII-2.

Photo XIII-3,
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Photo XIV~-1l. Run XIV.
Copper dipoles
installed.

Photo XIV-2. Run XIV.
Compare with Run XIII
pictures.

Alt side dischape.

Photo XIV-3.
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Run XVf

o XV-1.
Copper dipoles

Pho

alled.

inst

Run XV.

de discharge.

to XV-2.

Pho
3

e
Sl

Ta1rd

orty

Run XV.

Compare with Photos

KV -

1, -2, and -3 of

Run XIT.

hoto
XII~

st
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Photo XVI-1. Run XVI.
Slight indication

of arcing between
needles.

Photo XVI-2. Notice
E;EEEE—EEEES at ends
of necdles along
leading edge.

Photo XVI-3. Run XVI.

Note arc path.
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Photo XVII-1. Run XV-
is a rerun of XVT.

Photo XVII-2,
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Photo XVIIT-1. Run XVITI. Avcing at Ends
of Needles is Noticeable along T.E.

Photo XVIII-2., L,H. Side of T.E. of
Rudder.
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Photo XIX A-1 Run XIXA.
Definite arcing at ends
of neecdles.

Photo XIX B~-1 Run XIXB.
Compare with Photo XIX A-1.
Some dipoles were missing
in this run.

Photo XIX C-1. Run XIXC.
Missing dipoles replaced.
Compare with above pictures.
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Photo XIX B-2. Run XIX B with missing
dipoles,

Photo XIX C-2. Run XIX C with dipoles in

place.
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Run XX.

-1

to XX

Pho

T

h earlie

Compare it

Run XX.

thout dipoles.

Photo XX-2.

sho

LS Wl

ER

: CIA-RDP67B00657R000100010001-8

Approved For Release 2000/04/12




Approved For Release‘00104l12 : CIA-RDP67800657R80100010001-8 P65
~-005

Page 31

Photo XXI-1. Run XXI.
Incroase in current Trom
500 to about 3100 amps
does not arffect rudder.

Photo XXI-2.

Photo XXI-3. Alter
Run XXI. Note burned
area of leading edge
in gaps between dipoles
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Photo XXIZ-1.

Run XXII. Highe
amperage (approx.
3100) with strike
on rear of rudder.

Photo XXII-2.

Photo XXII-3.
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Photo XXITII-1.

Run XXIII. Higher
amperage (approx.
21,800).

Photo XXIII-2.

Photo XXITI-3.
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Rudder L.E. tip with needles removed. Note burned ares

Photo XXITI-L.

Approved Fbr, Release 2000/04/12 : CIA-RDP67B00657R000100010001-8




Approved For Relea'000104l12 : CIA-RDP6730065'00100010001-8 SP-605
. Page 35

Photo XXIV-1. Run XXIV at 30,800 amps and !,306,000
. volts. Forward strike.

L e R g e

Photo XXV-1. Run XXV. Rear sirike of same intensity a
previous run.

o
P=]
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Photo XXVI-1l. Rudder deflected for same change as

in Run XXV. Path of arc is around rudder.
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Photo XXVI A-1. Run XXVI A
duplicated previous 1un.
Note arcs along bottom
closing rib.

Photo XXVI A-2.

Photo XXVI A3
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Photo XXVII-1. Run XXVII.
Aft electrode position.
Copper dipoles removed
R.H. side.

Photo XXVII-2. L.H. side.

Photo XXXVII-3.
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Proto XXVII-L. Rudder tip trailing edge after

‘ Run XXVII.

Photo XXVII-5. Rudder tip after Run XXVII. Note tracking. Dark
‘ spots are burns from arcs between dipoles used in previous runs.
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Photo XXVIII-1. Run XXVIII. TForward electrode
position. Copper dipoles removed.

Photo XXVIII-2. Same as above. No visible

external damage except Tor tracking on top.
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Photo XXIX~-1l. Run XXIX.
R.H. side. Dipoles
removed.

Photo XXIX-2. L.H. sice
Note puff of smoke along
L.E. which located
negligible damagzge area.

Photo XXIX-3.
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Proto XXX-1. Ru: XXX,
Uil 10
"needles”. Notu pac:.
of arc along top and
sudden termination.
See Photos XXX-4 and S.

Photo XXX-2. L.H.
side.

Photo XXX-3,
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Photo XXXI-1. Run XXXI.
Stub fin shot to T.E.

Photo XXXI-2,

Photo XXXI-3.
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Photo 1-1. Run 1.

Note emergence of

arc at about 30 percent
chord point on tip.
Slight damage,

) Photo 1-2,

Photo 1-3.
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Page UG

Pho_to 2-1. Run 2, R.H, side of rudder.
Note incandescent foil particles,

Photo 2-2., L,H. side of rudder,
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Photo 3«1. Run 3.

Foil gaps reduced to 1/8
inch. Compare with Photos
1-1 through 1-3.

Photo 3-2.

Photo 3-3.
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Photo 4-1. Run L.

Photo k-2,

Photo L3,
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Photo 6A-1. Run GA.
Gaps between tapes had
widened due to arcing.
Note puff of smoke on
L.E. vhere slight damage
oceurred.,

Photo 6A-2.

Photo 6A~3.

Note "puff of smoke"
area. Slight damage
found.
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Photo 6-1. Run A.

Photo 6-2.

Photo 6-3.
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Photo 7-1. Run 7.

Photo 7.2,
e ettt e

Photo T-3,

e
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Photo 8-1, Run 8.

Photo 8-2,

! Photo_8-3.
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Photo 9-1. Fun 9.

T ®. tapez removed.

Photo 9=-2.

Photo 9-3«
THovo 272
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Photo 10-1. Run 10.
Photo 10-2,
Photo 10-3.

Approved For Release 2000/04/12 : CIA-RDP67B00657R000100010001-8




Photo 11~1. Run 11.
Tape along top partially
removed.

Photo 11-2,

Photo 11-3.
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Photo 12f1. Run 12. See tapes removed.

Photo 12-2. Puffs of smoke above post area locate
missing jo-bolts.
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Photo 13-1. Set-up
for Run 13. Note
clamps and tapes.

Photo 13-2. Run 13.
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Photo 1h-1. Run 14, L.E, section of tapes
used,

. Photo 1L-2,
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Photo 15-1., BRun 15. L.E, tapes off for run.

Photo 15-2.
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Phoi}o A ~Rudder gudgeon arm to actuator link pin after
. sccond serics of tests. DNote pitted area.

Photo B _Note pitted areas on link pin.
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Photo C ~Additional pitted area on link pin. The
pin had to be forcibly removed from the
actuator link spherical bearing after
completion of the test.
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